Erosion index map of Akure Metropolis was developed using an integrated remotely sensed, geological and soil data. This was with a view to classifying the metropolis into different erosion risk zones. Administrative and topographic maps, geologic and soil maps, Landsat ETM+, Aster DEM and thirty two (32) erosion types data were acquired. Landsat ETM+ was pre-processed for geometric correction, haze reduction and re-sampling. Optimum index factor and covariance analysis were carried out in order to determine the least correlated bands and these bands were subjected to convolution filters, texture analysis at 3X3 window size, histogram equalization, de-correlation stretch, principal component analysis (PCA) and the Aster DEM to topographic analysis such as sink fill and shielded relief to generate slope map and lineament map. All the derived maps including the soil map were reclassified and given risk values according to their order of degree of contribution to either accelerate or decelerate soil erosion. Using weighted index overlay raster tool in ArcGIS software, all thematic maps were captured in GIS environment to produce a composite erosion index map of the study area. Existing erosion type data were used to establish the reliability of the erosion index map. The erosion index map classified the Akure Metropolis into three zones -very low risk (57.5%); low risk (33.9%) and moderate risk (8.6%). Most parts (91.4%) of the metropolis fell within the very low to low risk zones with tendency for sheet/reel erosional features. Areas with moderate risk with tendency for gully erosion were located on the high slope region.
storage, management, analysis, and display (Burrough & McDonnell, 1998) . The Remote Sensing (RS) technology has been used to provide the land use/cover information by using digital image processing techniques (Wischmeier & Smith, 1978) . The capabilities of these technologies are enhanced when they are integrated with multi-criteria decision analysis (MCDA) for the generation of erosion index map based on the relationships between various factors (Willmott, 1981) . Generating erosion risk map in GIS environment is very important to locate the areas with high erosion risks (Mitasova et al., 1996) which in turn help decision makers to develop adequate erosion prevention techniques (Vrieling et al., 2002) . Sazbo et al. (1998) conducted a study where RS and GIS technologies were successfully used for land degradation and erosion mapping. Another study by Bojie et al. (1995) also indicated that GIS analysis provide satisfactory results in developing erosion surveys and risk maps by using GIS data layers such as DEM, slope, aspect, and land use. In Akure metropolis, Owoyemi et al., 2000 established a linear relationship between surface gradient and the intensity of erosion, as gully and rill erosional features were observed in areas with higher surface gradients whereas sheet erosional feature was common in areas with low gradient. The author also established that the intensity of erosion increased with lineament density with sheet erosional features having relatively low lineament density while rill and gully erosional features were characterized by relatively high lineament densities. Owoyemi et al. (2000) also established that sheet erosion could take place on soils derived from any rock type whereas rill and gully erosion were common on granite and migmatite gneiss-derived soils and to a lesser extent on quartzite and granite gneiss-derived soils. These erosional features were less common on charnockites because charnockite-derived soils are clayey, plastic to moderately plastic and more cohesive and hence less susceptible to high intensity rain-induced erosion (Adediji et al., 2013) . The author also observed that soils derived from granite, quartzite, migmatite gneiss rocks were mostly silty/sandy and gravely in nature and had very low amount of clays. Because the soils are porous and less cohesive, the soil particles are easily detached by high intensity run-offs and moved with tendency for high intensity rain-induced erosion.
The objective of this study was to develop an erosion index map of Akure metropolis by employing MCDA, GIS and RS techniques to integrate surface gradient, geology, distance from lineament density and soil type to classify the metropolis into different erosion risk zones. Figure. 1 ). The metropolis is located on a gently undulating terrain surrounded by isolated hills and inselbergs. Topographic elevations vary between 260 and 470 m above sea level (Owoyemi et al., 2000) . The metropolis is drained by several rivers and streams.
Description of the Study Area

Geology and Soil
The area around the Akure Metropolis is underlain by four of the six petrological units of the Basement Complex of southwestern Nigeria as identified by Rahaman (1988) . These are the migmatite-gneiss-quartzite complex, charnockitic and dioritic rocks, older granites and unmetamorphosed dolerite dykes (Figure 2) (Olarewaju, 1981; Odeyemi et al., 1999; Owoyemi et al., 2000; Aluko, 2008; Sobogun, 2008) .
The migmatie-gneiss-quartzite complex is composed of granite gneiss, grey gneiss and quartzite. The rock units generally occur as low-lying outcrops. However, granite gneiss occurs as slightly elevated to hilly outcrops. The charnockitic rocks are composed of the coarse grained; massive fine grained and the gneissic fine grained varieties. These rocks occur generally as low lying outcrops with smooth rounded boulders and few low lying hills, forming oval to sub circular and elongated bodies.
Granites form small conical hills (inselbergs) in several places. The texture varies from fine-coarse-grained. On the basis of texture, three principal varieties are recognized within the metropolis. These are fine grained biotite granite; medium to coarse grained non-porphyritic biotite-hornblende granite and the coarse porphyritic biotite hornblende granite. The coarse grained porphyritic varieties are the most dominant. The dolerite dykes, are generally black and fine-grained rock units. They are regarded as the youngest members of the Basement Complex. Quartzite occurs as elongated bands in the gneisses. The rock is extensively fractured. The nature of residual soils in the study area is determined by the underlying geology. There are three major soil associations in the study area. These include Iwo, Ondo and Itagunmodi Associations (Smith & Montgomery, 1962) (Figure 3 ). The Iwo soil type is located on coarse grained granite and gneiss underlain area. The soil is composed of coarse textured, grayish brown to brown sandy to fairly clayey soils. The soil type occupies the central, northeastern/northwestern and southwestern part of the survey area. The sandy nature of this soil makes it highly susceptible to erosion. The Ondo association is found on medium grained granite and gneiss underlain areas. The soil comprise fine to medium textured, orange brown to brownish red fairly clayey soils overlying orange, brown to red mottled clay. This soil type is located in the eastern/southeastern and western part of the study area.
The Itagunmodi Association is located on amphibolite and related basic rocks. The soil is composed of fine www.ccsenet.org/jgg Journal of Geography and Geology Vol. 7, No.1; 2015 textured, brownish red or chocolate brown, very clayey soil. Its clayey nature makes it susceptible to erosion. 
Materials and Methods
Subset Topographic map, Aster DEM, Landsat EMT+ surface reflectance image of 2002 of the study area were acquired and pre-processed for geometric correction, haze reduction and re-sampling. Optimum index factor and covariance analysis were carried out in order to determine the least correlated bands and these bands were subjected to convolution filters, texture analysis at 3X3 window size, histogram equalization, de-correlation stretch, principal component analysis (PCA) and the Aster DEM to topographic analysis such as sink fill and shielded relief to generate slope map and lineament map. The geological and soil map were scanned and digitized. Database was created in ArcGIS 9.3 for storage and easy manipulation of derived data sets. All the layers derived were converted to raster data sets having the same pixel size and reclassified according to their order of importance to either accelerate or decelerate erosion. Multi-criteria evaluation (MCE) and weights were carried out for analysis of different parameters that control occurrence of erosion whereby 1 represents a least risk erosion occurrence function and 6 stands for high risk erosion occurrence function. Using weighted index overlay raster tool in ArcGIS software, all thematic maps were assimilated in GIS environment to produce a composite erosion index map which demarcated the study area into very low, low and moderate risk area. Thirty two (32) erosion type location data were used to validate the erosion index map.
Results and Discussion
The area around the Akure Metropolis is underlain by charnokites, biotite granites, porphyritic granites and migmatite gneisses (Figure 2 ). The knowledge base ranking of the risk values of lithology to soil erosion was based on the ascending order of lithology as shown in Figure 2 whereby 1 represents a least soil erosion occurrence function and 5 stands for the most soil erosion occurrence function (Vrieling et al., 2002) .
The three major soil associations found in the study area include the Iwo, Ondo and Itagunmodi Associations (Figure 3) . The knowledge base ranking of the risk values of soil associations to soil erosion was based on the ascending order of soil as shown in Figure 3 whereby 2 represents a least soil erosion occurrence function and 6 stands for most soil erosion occurrence function (Vrieling et al., 2002) . The study area exhibits varieties of structures such as foliation, schistosity, folds, faults, joints and fractures. The satellite imagery delineated lineaments are shown in Figure 5 . The lineaments show predominantly NNW-SSE, ENE-WSW and NNE-SSW orientations and subsidiary NW-SE and W-E trends that are typical of the Basement Complex region of Nigeria (Oluyide, 1988; Odeyemi et al., 1999; Owoyemi et al., 2000) . Small and long fractures, joints and fissure zones which generally trend north-south are common. In hard rock terrain, the presence of hydro-lineament is commonly associated with dislocation and deformation which results in increased secondary porosity and permeability, influencing weathering, and providing pathways for groundwater movement (Small, 1970) . The knowledge base ranking of the risk values of buffered zones lineament density map to soil erosion was based on the descending order of buffered zones lineament density map as shown in Figure 6 whereby 5 represents the most soil erosion occurrence function and 1 stands for least soil erosion occurrence function (Vrieling et al., 2002) . Table 1 show the Multi-criteria Evaluation (MCE) parameters employed for the generation of erosion index map. The erosion index map was generated through the assimilation of geological map (Figure 2 ), soil map (Figure 3 ), slope map ( Figure 4 ) and buffered lineament density map ( Figure 6 ) with their corresponding weights and risk values of each terrain attribute as contained in Table 1 . The resulting erosion index map is shown in Figure 7 . The erosion index map classifies the Akure metropolis into three zones -very low risk (57.5%); low risk (33.9%) and moderate risk (8.6%). Most parts (91.4%) of the metropolis (comprising FUTA area, Obele Estate, parts of Aule, Oba-Ile, Igbatoro, Ijoka, Army Barrack, Adofule and Oke Aro) fall within the very low to low risk zones with tendency for sheet/reel erosional features. Areas with moderate risk that are highly susceptible to gully erosion are mainly located on the high slope region in parts of Shagari Estate, Igoba, parts of Odudu, School of Agriculture, parts of Oke-Ijebu and Fanibi.
The erosion index map was validated using thirty two (32) erosion types data (Table 2 ) generated by Owoyemi et al. (2000) with 81% correlation. 
Conclusion
Thematic maps of surface gradient, buffered zones lineament density, geology and soil of the area around Akure Metropolis were captured in the GIS environment to produce a composite erosion index map of the study area. The generated map was validated with existing erosion type data.
The erosion index map classifies the Akure Metropolis into three soil erosion risk zones namely, moderate, low and very low risk. Moderate risk area covers 8.6% of the land mass while low and very low risk cover 33.9% and 57.5% of the land mass respectively. Most parts (91.4%) of the metropolis (comprising FUTA area, Obele Estate, parts of Aule, Oba-Ile, Igbatoro, Ijoka, Army Barrack, Adofule and Oke Aro) fall within the very low to low risk zones with tendency for sheet/reel erosional features. Areas with moderate risk that are highly susceptible to gully erosion are mainly located on the high slope region in parts of Shagari Estate, Igoba, parts of Odudu, School of Agriculture, parts of Oke-Ijebu and Fanibi.
